Hazard-consistent ground-motion characterisations of three representative sites located in the Region of Murcia (southeast Spain) are presented. This is the area where the last three damaging events in Spain occurred and there is a significant amount of data for comparing them with seismic hazard estimates and earthquake-resistant provisions. Results of a probabilistic seismic hazard analysis are used to derive uniform hazard spectra (UHS) for the 475-year return period, on rock and soil conditions. Hazard deaggregation shows that the largest hazard contributions are due to small, local events for short-period target motions and to moderate, more distant events for long-period target motions. For each target motion and site considered, the associated specific response spectra (SRS) are obtained. It is shown that the combination of two SRS, for short-and long-period ground motions respectively, provides a good approximation to the UHS at each site. The UHS are compared to design response spectra contained in current Spanish and European seismic codes for the 475-year return period. For the three sites analysed, only the Eurocode 8 (EC8) type 2 spectrum captures the basic shape of the UHS (and not the EC8 type 1, as could be expected a priori). An alternative response spectrum, anchored at short-and long-period accelerations, is tested, providing a close match to the UHS spectra at the three sites. Results underline the important contribution of the frequent, low-to-moderate earthquakes that characterize the seismicity of this area to seismic hazard (at the 475-year return period).
Introduction
The Region of Murcia lies in an area of low-to-moderate seismicity with relatively high seismic hazard in comparison to other parts of Spain. Although felt seismic events are not rare in this region, the absence of strong earthquakes in the recent past led the population and authorities to have a low level of concern toward seismic risk (Benito and Gaspar-Escribano 2007) . However, this situation changed during the last years due to the occurrence of three earthquakes in a reduced area of the Region: the 1999 Mula 2002 SW Bullas and 2005 La Paca earthquakes. Although these events had low magnitude (M w ≤ 5.0), they produced significant alarm in the population and damage to structures, the last one reaching maximum EMS intensities of VII. Emergency services from different parts of the Region were mobilized. Dozens of traditional buildings were severely damaged-some of them were declared uninhabitable-and several families had to be relocated temporarily (Buforn et al. 2006; Benito et al. 2007 ).
The experience of these damaging earthquakes, the availability of new data, and a renewed interest from researchers and from local and national authorities fomented the development of seismotectonic, seismic hazard and risk assessment studies in the region (Murphy 1999; Buforn and Sanz de Galdeano 2001; Mancilla et al. 2002; Martínez-Díaz et al. 2002; García-Mayordomo 2005; Buforn et al. 2005; Gaspar-Escribano et al. 2005; Buforn et al. 2006; Benito et al. 2007; Gaspar-Escribano and Benito 2007; García-Mayordomo et al. 2007) . In this context, Civil Protection of the Region of Murcia and the Spanish National Geographic Institute (IGN) led and financed the RISMUR Project, which is the basis for the new risk mitigation plan of the Region of Murcia (SISMIMUR Plan, DGPC 2006). The RISMUR Project involved a multidisciplinary team addressing seismic hazard, geotechnical mapping, vulnerability assessment of the Murcian building stock and damage evaluation for the expected seismic action with 10% probability of exceedance in 50 years. Finally, recommendations for future developments were provided (Benito et al. 2006b ). The part of the RISMUR project dealing with hazard-consistent ground-motion characterisation constitutes the core of this paper.
Previous work on ground-motion characterisation of the Region of Murcia focused on the damaging, low-magnitude events of 1999 , 2002 and 2005 (Gaspar-Escribano and Benito 2007 . Based on the available ground-motion records (for epicentral distances larger than 20 km) and estimates of ground-motion predictive relations for the epicentral areas, these authors concluded that short-period ground-motions could have had a significant impact on observed damage trends. However, it remains unresolved whether these ground-motions, corresponding to three earthquakes, are representative of the expected ground motions used for earthquake-resistant design of normal-importance structures (usually taken as the ground motions that are expected to be unexceeded with a 90% probability in 50 years). In particular, it will be interesting to compare these observed ground motions with the expected ground motions calculated through probabilistic seismic hazard analysis (PSHA) and with the response spectra used in earthquake-resistant design provisions.
In order to complete this data-based ground-motion characterisation with hazard-consistent response spectra, the results of a recent PSHA study carried out in the region (Benito et al. 2006a; García-Mayordomo et al. 2007 ) are used. Elastic, 5%-damped uniform hazard spectra (UHS) (all spectra presented in this study are elastic and have a critical damping of 5%) at three significant sites of the Region of Murcia are obtained. Additionally, seismic hazard is deaggregated for different target ground-motions to find the magnitude-distance-epsilon bins with maximum hazard contributions at each site (epsilon is defined as the number of standard deviations considered to compute ground motions at a given site through a ground-motion
